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PROBLEM TO BE SOLVED: To provide a light receiving element which selectively has 
a high sensitivity in a specific wavelength range in a area ranging from 
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SOLUTION: This element is provided with a double -hetero structure in which a 
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of gallium nitride based compound semiconductor, and the light receiving layer is 
made of undoped InXGal-XN (0<X<1) and the n-type layer is made of GaN. <BR><BR> 
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CLAIMS 



[Claim(s) ] 

[Claim 1] Between a n type layer and a p type layer which consist of a gallium 
nitride system compound semiconductor, respectively, An PIN type gallium nitride 
system compound semiconductor photo detector, wherein it has terrorism structure 
to double provided with a euphotic zone which consists of an i type gallium 
nitride system compound semiconductor, said euphotic zone consists of undoped 
InXGal-XN (0< X<1) and said n type layer consists of GaN(s) . 

[Claim 2] The gallium nitride system compound semiconductor photo detector 
according to claim 1 which consists of the 2nd GaN layer by which a n type 
impurity formed between the 1st GaN layer with said undoped n type layer, and 
this 1st GaN layer and said euphotic zone was doped. 

[Claim 3] Between a n type layer and a p type layer which consist of a gallium 
nitride system compound semiconductor, respectively, An PIN type gallium nitride 
system compound semiconductor photo detector, wherein it has terrorism structure 
to double provided with a euphotic zone which consists of an i type gallium 
nitride system compound semiconductor, said euphotic zone consists of undoped GaN 
and said n type layer consists of aluminumYGal-YN (0< Y<1) . 

[Claim 4] Between a n type layer and a p type layer which consist of a gallium 
nitride system compound semiconductor, respectively, It has terrorism structure 
to double provided with a euphotic zone which consists of an i type gallium 
nitride system compound semiconductor, An PIN type gallium nitride system 
compound semiconductor photo detector, wherein said euphotic zone consists of 
undoped InXGal-XN (0< X<1) and said n type layer consists of aluminumYGal-YN (0< 
Y<1) . 

[Claim 5] A given [ one ] in either of Claims 1-4, wherein said p type layer has p 
type aluminumZGal-ZN (0<=Z<1) layer at least PIN type gallium nitride system 
compound semiconductor photo detector. 

[Claim 6] Said gallium nitride system compound semiconductor photo detector, An 
PIN type gallium nitride system compound semiconductor photo detector of any one 
description in Claims 1-5 which have a non-absorption wavelength region where 
quantum efficiency is located in both sides of not less than 60% of absorption 
wavelength region, and this absorption wavelength region and by which said 
absorption wavelength region was set as not less than 2 0 nm. 

[Claim 7] Said gallium nitride system compound semiconductor photo detector, It 
has a non- absorption wavelength region located in both sides of an absorption 
wavelength region and this absorption wavelength region, A given [ one ] in 
either of Claims 1-6 said absorption wavelength region has quantum efficiency of 
100 times or more of said non-absorption wavelength region, and range of said 
whose absorption wavelength regions is not less than 2 0 nm PIN type gallium 
nitride system compound semiconductor photo detector. 

[Claim 8] An PIN type gallium nitride system compound semiconductor photo detector 
of any one description in Claims 1-7 to which said absorption wavelength region 
is set in the wavelength range of 360 to 42 0 nm. 

[Claim 9] A given in either of Claims 1-8, wherein thickness of said euphotic zone 
is 1500-A or more and 10000 A or less PIN type gallium nitride system compound 
semiconductor photo detector. 

[Claim 10] An PIN type gallium nitride system compound semiconductor light 
emitting device of any one description in Claims 1-9, wherein thickness of said n 
type layer is 1 micrometers or more and 10 micrometers or less. 

[Claim 11] A euphotic array, wherein the multiple arrays of said Claim 1 thru/or 
the gallium nitride system compound semiconductor photo detector of any one 
description of Claim 10 are carried out on one substrate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the photo detector especially 
using a gallium nitride system compound semiconductor (InaaluminumbGal-a-bN, 
0<=a<=l, 0<=b<=l, a+b<=l) about the semiconductor photo detector used for a 
photo-diode, a solar cell, etc. 

[0002] 

[Description of the Prior Art] As a photo detector using the semiconductor which 
detects light, the element etc. which used InGaP and InP are widely put in 
practical use by detection of infrared light. The photo detector which detects 
ultraviolet radiation cannot say it as a thing with the still desired 
characteristic, although the photo detector which used Si is put in practical 
use. The photo detector which detects ultraviolet radiation can consider the use 
to a flame sensor, a missile detector, an astronomic observation, etc. Although 
the photo detector using Si is put in practical use by both with the PN-junction 
type and the PIN junction type, Since it is necessary to form a euphotic zone by 
micron order and, and Si is a transited [ indirectly ] type semiconductor and 
terrorism structure is not made to double, light is absorbed and p layer and a n 
layer also have the problem that the quantity of the light which reaches a 
euphotic zone decreases. In order to use as a photo detector which detects only 
ultraviolet radiation (for example, 400 nm or less) in order for visible light 

(for example, not less than 400 nm) to also show the euphotic characteristic, it 
is necessary to pass a filter which visible light does not receive and, and since 
the band gap is small, the noise by heat also becomes a problem. 

[0003] Since the gallium nitride system compound semiconductor which consists of 
InaaluminumbGal-a-bN (0<=a<=l, 0<=b<=l, a+b<=l) is a material which has the wide 
range bandgap energy from 6 . 0 eV (A1N) to 1.95 eV (InN) and it is a transited [ 
directly ] type, The photo detector limited to the specific wavelength zone by 
the side of short wavelength of detecting only ultraviolet radiation via a 
filter, for example, not detecting visible light by being able to make a euphotic 
zone thin and using terrorism structure to double etc. is realizable with an easy 
structure . 

[0004] 

[Problem to be solved by the invention] However , since it is difficult for a good 
crystalline gallium nitride system compound semiconductor to be unable to obtain 
a gallium nitride system compound semiconductor photo detector easily, and to 
obtain the high element of quantum efficiency with sufficient namely, euphotic 
sensitivity on problems, such as a presentation and thickness, further, the 
actual condition is that utilization is not carried out, either. The photo 
detector in the reliable ultraviolet radiation field which is not influenced by 
external conditions, such as atmosphere, as a present problem as a photo detector 
used especially for an astronomic observation is needed. Then, as a result of 
repeating research wholeheartedly, this invention persons are producing the 
gallium nitride system compound semiconductor photo detector which solved said 
problem, and resulted in realization of a reliable photo detector. 

[0005] 

[Means for solving problem] By composition of following the (1) - (11), this 
invention can solve SUBJECT mentioned above and can attain the purpose of this 
invention. 

[00 06] (1) Between the n type layer and p type layer which consist of a gallium 
nitride system compound semiconductor, respectively, An PIN type gallium nitride 
system compound semiconductor photo detector, wherein it has terrorism structure 
to the double provided with the euphotic zone which consists of an i type gallium 
nitride system compound semiconductor, said euphotic zone consists of undoped 
InXGal-XN (0< X<1) and said n type layer consists of GaN(s) . 
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[0007] (2) A gallium nitride system compound semiconductor photo detector given in 
the above (1) which consists of the 2nd GaN layer by which the n type impurity 
formed between the 1st GaN layer with said undoped n type layer, and this 1st GaN 
layer and said euphotic zone was doped. 

[0008] (3) Between the n type layer and p type layer which consist of a gallium 
nitride system compound semiconductor, respectively, An PIN type gallium nitride 
system compound semiconductor photo detector, wherein it has terrorism structure 
to the double provided with the euphotic zone which consists of an i type gallium 
nitride system compound semiconductor, said euphotic zone consists of undoped GaN 
and said n type layer consists of aluminumYGal-YN (0< Y<1) . 

[0009] (4) Between the n type layer and p type layer which consist of a gallium 
nitride system compound semiconductor, respectively, It has terrorism structure 
to the double provided with the euphotic zone which consists of an i type gallium 
nitride system compound semiconductor, An PIN type gallium nitride system 
compound semiconductor photo detector, wherein said euphotic zone consists of 
undoped InXGal-XN (0< X<1) and said n type layer consists of aluminumYGal-YN (0< 
Y<1) . 

[0010] (5) The above (1) , wherein said p type layer has a p type aluminumZGal-ZN 
(0<=Z<1) layer at least thru/or a given [ one ] in either of (4) PIN type gallium 
nitride system compound semiconductor photo detector. 

[0011] (6) Said gallium nitride system compound semiconductor photo detector, The 
above (1) which has a non-absorption wavelength region where quantum efficiency 
is located in the both sides of not less than 60% of absorption wavelength 
region, and this absorption wavelength region and in which said absorption 
wavelength region was set as not less than 2 0 nm thru/or the PIN type gallium 
nitride system compound semiconductor photo detector of one of any (5) 
descriptions . 

[0012] (7) Said gallium nitride system compound semiconductor photo detector, It 
has a non-absorption wavelength region located in the both sides of an absorption 
wavelength region and this absorption wavelength region, The above (1) said 
absorption wavelength region has quantum efficiency of 100 times or more of said 
non-absorption wavelength region, and the range of said whose absorption 
wavelength region is not less than 2 0 nm thru/or a given [ one ] in either of (6) 
PIN type gallium nitride system compound semiconductor photo detector. 

[0013] (8) The above (1) in which said absorption wavelength region is set up in 
the wavelength range of 360 to 42 0 nm thru/or the PIN type gallium nitride system 
compound semiconductor photo detector of one of any (7) descriptions. 

[0 014] (9) The above (1) , wherein the thickness of said euphotic zone is 15 00 A or 
more and 10000 A or less thru/or a given in either of (8) PIN type gallium 
nitride system compound semiconductor photo detector. 

[0 015] (10) The PIN type gallium nitride system compound semiconductor light 
emitting device of one of the above (1) , wherein the thickness of said n type 
layer is 1 micrometers or more and 10 micrometers or less thru/or any (9) 
descriptions . 

[0 016] (11) A euphotic array, wherein the multiple arrays of the above (1) thru/or 
the gallium nitride system compound semiconductor photo detector of any one 
description of the claim (10) are carried out on one substrate. 

[0017] That is, by composition of aforementioned (1) - (10), this invention has an 
optical absorption wavelength zone of predetermined width in 2 00 nm - 63 5 nm, and 
can provide the reliable outstanding gallium nitride system compound 
semiconductor photo detector which is high sensitivity. 

[0018] 

[Mode for carrying out the invention] The embodiment concerning this invention is 
described referring to Drawings below. 

(Embodiment 1) Drawing 1 is a type section figure showing the structure of the 
gallium nitride system compound semiconductor photo detector of Embodiment 1 
concerning this invention. To the double into which i type gallium nitride system 
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compound semiconductor was inserted as a euphotic zone between the n type gallium 
nitride system compound semiconductor layer (n type layer) and the p type gallium 
nitride system compound semiconductor layer (p type layer) , the photo detector of 
this Embodiment 1 is terrorism structure a photo detector which it has, and on 
the silicon on sapphire 101, The buffer layer 102 which consists of GaN(s), and 
the 1st n type layer 103 that consists of the undoping GaN, The 2nd n type layer 
104 that consists of Si dope GaN, and the euphotic zone 105 which consists of the 
undoping InGaN which is i type gallium nitride system compound semiconductor, It 
has the lamination which laminated in order the 1st p type layer 106 that 
consists of Mg-dope AlGaN, and the 2nd p type layer 107 that consists of Mg dope 
GaN. Namely, the 1st n type layer 103 that consists of the (1) undoping GaN, and 
the 2nd n type layer 104 that consists of Si dope GaN constitute a n type layer 
from this Embodiment 1, (2) The undoping InGaN constitutes the euphotic zone 105 
which is i type gallium nitride system compound semiconductor, and the 1st p type 
layer 106 that consists of (3) Mg-dope AlGaN, and the 2nd p type layer 107 that 
consists of Mg dope GaN constitute the p type layer. 

[0019] in this Embodiment 1, it illustrates so that light may be entered from the 
silicon-on-sapphire 101 side **** (drawing 1) from the substrate side, as 
the photo detector of this invention enters, it can also operate incident light 
-- it carries out, and from the p type layer side, incident light can also be 
operated, as it enters. That is, when incident light enters the photo detector of 
this invention from the substrate side, it is mounted by facedown, and when 
entering from the p type layer side, it is mounted by face up. As shown in this 
Embodiment 1, when entering light from the substrate side (i.e., when using a 
photo detector by facedown) , Bandgap energy is larger than a euphotic zone and a 
n type layer, namely, as it is necessary to use a substrate which is not absorbed 
with a substrate and this Embodiment 1 is shown in that case, it is most 
preferred to use silicon on sapphire (for example, C side, R side, and A side are 
made into a principal surface) . However, this invention is not restricted to this 
and can use an insulating substrate like a spinel (MgAl204) , SiC, ZnS, ZnO, GaAs, 
GaN, etc. as a substrate. The nitride semiconductor substrate etc. which are 
obtained by ELOG (it makes it come using growth of the transverse direction of a 
nitride semiconductor to grow up) etc, which are written in the Description of 
JP,H11-191659,A and JP, Hll-214744 , A, etc. can also be used. 

[0020] In order to improve the crystallinity of the nitride semiconductor layer to 
grow up in the embodiment of the invention 1, form on a substrate the 2nd n type 
layer 104 that consists of the 1st n type layer 103 and Si dope GaN that consist 
of the undoping GaN via a buffer layer, but. As for this buffer layer, it is 
preferred to consider it as the same presentation as the layer formed in contact 
with that buffer layer top, and to make it grow up at low temperature from the 
layer on it, and, thereby, it can make the crystallinity of a n type layer 
fitness more. For example, at this Embodiment 1, a buffer layer is grown up at 
low temperature 900 ** or less using MOVPE method, the 1st n type layer 103 is 
grown up at an elevated temperature from 900 **, and by this Embodiment 1, since 
the 1st n type layer is GaN, a buffer layer is taken as GaN. 

[0 021] In this invention, the n type layer should just be a n type gallium nitride 
system compound semiconductor at least with larger bandgap energy than a euphotic 
zone, may be constituted from one gallium nitride system compound semiconductor 
layer, and may consist of two or more gallium nitride system compound 
semiconductor layers. When it constitutes a n type layer from two or more layers, 
the undoped layer may be included and what is necessary is just a n type as a 
whole in that case. This Embodiment .1 shows the example which combined the 2nd n 
type layer of the Si dope for the 1st undoped n type layer 103 that touches a 
buffer layer as a desirable example. Specifically by Embodiment 1, GaN of a Si 
dope is grown up as the 2nd n type layer 104 that touches GaN undoped as the 1st 
n type layer 103 that touches a buffer layer, and its 1st n type layer 103. Since 
this undoped GaN has an effect which makes good the crystallinity of the nitride 
semiconductor layer grown up on it, the crystallinity of the layer grown up the 
2nd n type layer 104 grown up on the 1st n type layer 103 and on it can be made 
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good. 

[0022] Since the 2nd n type layer is a layer which forms n electrode in this 
Embodiment 1, In order to obtain n electrode and good ohmic contact, as for the 
amount of Si dopes of the 2nd n type layer, it is preferred to set it as the 
range of Ixl017/cm3 - Ixl018/cm3, and it makes it more preferably more than 
5xl017/cm3 in said range. As a n type impurity doped to the 2nd n type layer, 
germanium, Sn, Sb, etc. other than Si can also be used. As the total thickness of 
the n type layer which consists of the 1st n type layer and 2nd n type layer, not 
less than 2 micrometers 10 micrometers or less of not less than 2 micrometers 6 
micrometers or less shall be about 4 micrometers most preferably. That the total 
thickness of a n type layer shall be not less than 2 micrometers can make low 
quantum efficiency in the non-absorption area 1 which is for absorbing 
effectively the light which has larger energy than the bandgap energy of a n type 
layer in a n type layer, and this mentions later (refer to explanation of drawing 
2) . The total thickness of a n type layer shall be 10 micrometers or less because 
it will become easy to generate camber in a photo detector, if not less than 10 
micrometers is used, and thereby, it can suppress degradation of the quantum 
efficiency in the absorption wavelength region mentioned later. 
[0023] In this invention, i type gallium nitride system compound semiconductor 
layer in which bandgap energy is smaller than the n type gallium nitride system 
compound semiconductor and p type gallium nitride system compound semiconductor 
which are formed in the both sides can be used as a euphotic zone. In this 
Embodiment 1, a euphotic zone comprises undoped InXGal-XN, and the mixed crystal 
ratio X of In sets to 0< X<1, and is taken as the nitride semiconductor in which 
bandgap energy is smaller than the n type layer which consists of GaN(s) . 
Although this euphotic zone defines it as i type gallium nitride system compound 
semiconductor, the layer which has not doped the impurity intentionally is made 
into i type gallium nitride system compound semiconductor in this invention. In 
order to obtain good euphotic sensitivity as thickness of a euphotic zone 
(quantum efficiency is made high) , 1500 A - 10000 A (1500 A - 6000 A) (2000 A - 
3500 A) shall be about 2500 A most preferably still more preferably. 
[0024] In this invention, the p type layer should just be a p type gallium nitride 
system compound semiconductor at least with larger bandgap energy than a euphotic 
zone, For example, it can constitute from a gallium nitride system compound 
semiconductor layer expressed with aluminumZGal-ZN (0<=Z<1) which doped the p 
type impurity. A p type layer may be constituted from one gallium nitride system 
compound semiconductor layer, and may consist of two or more gallium nitride 
system compound semiconductor layers . The undoped layer may be included when it 
constitutes a p type layer from two or more layers. In this Embodiment 1, what 
AlGaN of a Mg dope is grown up as one desirable form as the 1st p type layer that 
touches a euphotic zone, and GaN of a Mg dope is further grown up for in contact 
with the 1st p type layer (the 2nd p type layer) constitutes the p type layer 
from two- layer. As for the amount of Mg dopes doped to this p type layer (the 1st 
p type layer and 2nd p type layer) , it is preferred to set it as the range of 
Ixl016/cm3 - Ixl018/cm3. The 2nd p type layer that forms p electrode can obtain p 
lateral electrode and the better ohmic characteristic further in said range by 
using more than 5xl017/cm3 . As the total thickness of a p type layer, 50 A or 
more 1 micrometer or less shall be 100 A or more 5000 A or less still more 
preferably. In this Embodiment 1, aluminum mixed crystal ratio may grow up 
undoped larger AlGaN than the 1st p type layer by thickness of 10 0 A or less in a 
p type layer as a layer which touches a euphotic zone further. Although it is 
made to grow up as this layer being undoped, Mg is spread from the layer which 
adjoins when growing up the p type layer on it, and when carrying out a p 
type-ized annealing, and it becomes the layer which contained Mg as a result. 
When this layer is grown up, a photo detector with the still more sufficient 
characteristic is obtained, and it is desirable. 

[0025] In this invention, especially as an electrode, a presentation is limited 
and foil and various electrode materials can be used. However, in order to obtain 
the good ohmic characteristic, to the n lateral electrode 109, it is preferred to 
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use the alloy of nickel-Au for Ti-aluminum and the p lateral electrode 108, and 
the good ohmic characteristic is obtained between the layers which touch by this, 
respectively. In the photo detector of this Embodiment 1, n and p electrode are 
formed as follows. Namely, after laminating the buffer layer 102, the 1st n type 
layer 103, the 2nd n type layer 104, the euphotic zone 105, the 1st p type layer 
106, and the 2nd p type layer 107 in order on the silicon on sapphire 101, A 
field is secured, in order to expose a part of 2nd n type layer 104 by etching 
and to form the n electrode 109. And it forms on the 2nd n type layer 104 to 
which the n electrode 109 was exposed, and the p electrode 108 is formed on the 
2nd p type layer 107 . 

[0026] In the photo detector of Embodiment 1 constituted as mentioned above, a 
spectrum as shown in drawing 2 is acquired by laminating the gallium nitride 
system compound semiconductor mentioned above. That is, the light which has 
larger energy than the bandgap energy of a n type layer in the photo detector of 
this Embodiment 1 is absorbed in a n type layer, and is not absorbed by a 
euphotic zone. The wavelength zone absorbed by this n type layer is equivalent to 
the non- absorption wavelength region 1 in drawing 2 . The light which has energy 
smaller than the bandgap energy of the euphotic zone 105 is not absorbed by the 
euphotic zone 105. In spite of having reached this euphotic zone 105, the 
wavelength zone of the light which is not absorbed by the euphotic zone 105 is 
equivalent to the non-absorption wavelength region 2 in drawing 2. The light 
which has energy with it from a n type layer by this is selectively absorbed by 
the euphotic zone 105 (equivalent to the absorption wavelength region in drawing 
2) . [ than the bandgap energy of the euphotic zone 105 ] [ small bandgap energy 
and ] [ larger ] 

[0027] Thereby, according to the composition of this Embodiment 1, the photo 
detector which absorbs selectively the light which has the wavelength of the 
predetermined range can be provided. In the photo detector of this Embodiment 1, 
as shown in drawing 2, it is not less than 3 65 nm, and light with a wavelength of 
400 nm or less is absorbed selectively, for example. By setting the thickness of 
a n type layer and a euphotic zone as the predetermined range, in a not less than 
2 0-nm wavelength band, high quantum efficiency of 6 0% or more can be realized, 
and it can do with 0.6% or less of quantum efficiency in the non- absorption 
wavelength regions 1 and 2 in the photo detector of this Embodiment 1. Thus, 
according to the photo detector of Embodiment 1, the photo detector 100 which has 
very high selectivity (more than selection-ratio 100 (60%/0.6%) double) is 
obtained. Thereby in the predetermined range, the photo detector with high 
reliability with few noises which is not influenced by external conditions, such 
as atmosphere, is obtained. In this invention, quantum efficiency shows the rate 
of the output (watt) of the photoelectric current generated from a photo 
detector, when external quantum efficiency, i.e., 1 W of light, enters, and in 
other words, the number of carriers which contributes to photoelectric current is 
** (ed) with the number of incident light children. In this invention, measurement 
of quantum 1 efficiency connected between the two electrodes of a photo detector to 
the direct -current meter, and computed it by measuring the relative sensitivity 
of a photo detector by monochrome- izing the white light of a 15 0-mW xenon lamp, 
and irradiating with it by a monochromator , at right angles to a substrate, from 
the silicon-on-sapphire side. 

[0028] In Embodiment 1 concerning this invention, as mentioned above, it has a 
selective absorption range which has a light absorption rate beyond predetermined 
quantum efficiency, but since InGaN is used as a euphotic zone, a maximum of an 
absorption wavelength of a selective absorption range can be changed by changing 
a mixed crystal ratio of the In. That is, in this Embodiment 1, a maximum by the 
side of long wavelength of an absorption wavelength region which has the 
outstanding optical absorption can be arbitrarily set up by changing a mixed 
crystal ratio of In of i type gallium nitride system compound semiconductor layer 
which is a euphotic zone (however, 635 nm or less) . In Embodiment 1, since GaN is 
used as a n type layer, a minimum by the side of short wavelength of an 
absorption wavelength region is set to 3 65 nm which is the wavelength of light 
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corresponding to bandgap energy of GaN. In a photo detector of Embodiment 1, an 
absorption wavelength region can be set as the range of 365 nm - 635 nm from the 
above thing. 

[0029] Although GaN constituted the 1st n type layer and 2nd n type layer, 
respectively, this invention is not restricted to this and may constitute the 1st 
n type layer and 2nd n type layer from Embodiment 1 by AlGaN, respectively, thus, 
bandgap energy being enlarged as compared with a case where it constitutes from 
GaN, and, if AlGaN constitutes the 1st n type layer and 2nd n type layer, 
respectively. Since the bandgap energy can be changed by changing a mixed crystal 
ratio of the aluminum, a minimum by the side of short wavelength of an absorption 
wavelength region can be changed. 

[0030] (Embodiment 2) The photo detector of Embodiment 2 concerning this 
invention, The n type layer which consists of a buffer layer which is a photo 
detector which can set an absorption wavelength region as the range of 2 00 nm - 
365 nm, and comes from AlGaN on silicon on sapphire, and Si-dope AlGaN, It has 
the layer system which laminated in order the euphotic zone which consists of the 
undoping GaN, and the p type layer which consists of Mg-dope AlGaN. 

[0031] In the embodiment of the invention 2, a n type layer comprises one layer 
which consists of AlGaN (s) of a Si dope, and n electrode is directly formed in 
this n type layer. Therefore, in order to obtain good ohmic contact, in the range 
of Ixl017/cm3 - Ixl018/cm3, it is preferred to a n type layer that a n type 
impurity is doped, and it makes it it in said range with more than 5xl017/cm3 
more preferably. Although Si can be used by this Embodiment 2 as a n type 
impurity, germanium, Sn, Sb, etc. may be used. The thickness of the n type layer 
of Embodiment 2 sets preferably 1 micrometers or more 3 micrometers or less to 
about 2 micrometers. That the thickness of this n type layer shall be 1 
micrometers or more can make low quantum efficiency in the non- absorption area 1 
which is for absorbing effectively the light which has larger energy than the 
bandgap energy of a n type layer in a n type layer, and this mentions later 

(refer to explanation of drawing 2) . The total thickness of a n type layer shall 
be 3 micrometers or less in order to suppress degradation of the crystallinity of 
a n type layer, and thereby, it can suppress degradation of the quantum 
efficiency in the absorption wavelength region mentioned later. It is because it 
is with Embodiment 1 and Embodiment 2 and the AlGaN layer which used by 
Embodiment 2 that the ranges of the desirable thickness of a n type layer 
differed as a n type layer does not have good crystallinity compared with the GaN 
layer of Embodiment 1 . 

[0032] In this Embodiment 2, i type gallium nitride system compound semiconductor 
which is a euphotic zone is formed by being undoped and growing up small GaN of 
bandgap energy from the n type layer which consists of AlGaN (s) . The thickness of 
the euphotic zone which consists of this undoping GaN, In order to make euphotic 
sensitivity high, preferably 1500 A - 10000 A, 1500 A - 6000 A (2000 A - 3500 A) 
shall be about 2500 A most preferably still more preferably. 

[0033] In the embodiment of the invention 2, a p type layer consists of 
aluminumZGal -ZN (0<=Z<1) which doped the p type impurity, is preferably formed 
in contact with a euphotic zone, and it is grown up, carrying out a Mg dope as a 
p type impurity preferably. The amount of Mg dopes doped to a p type layer is 
preferably made into the range of Ixl016/cm3 - Ixl018/cm3 so that p lateral 
electrode and the good ohmic characteristic can be obtained, and it is made still 
more preferably more than 5xl017/cm3 . As the total thickness of a p type layer, 
50 A or more 1 micrometer or less shall be 100 A or more 5000 A or less still 
more preferably. AlGaN undoped as a layer which touches a euphotic zone is grown 
up by thickness of 100 A or less, and it may be made to form an above-mentioned p 
type layer on it in this invention. Although this undoped AlGaN layer is undoped 
at the time of growth, since Mg is spread from the layer by which Mg which 
adjoins when growing up the p type layer on it, and when carrying out a p 
type-ized annealing was doped, it becomes the layer which contained Mg as a 
result. By growing up this undoped AlGaN layer, a photo detector with the still 
more sufficient characteristic is obtained, and it is desirable. 



- 8 - 



JP 2002-083996 A 



[0034] In the embodiment of the invention 2, a substrate, a buffer layer, and an 
electrode are constituted like Embodiment 1, 

[0035] The photo detector of Embodiment 2 constituted as mentioned above can set 
up an absorption wavelength region in the range of 200 nm - 365 nm, and high 
euphotic sensitivity is obtained like Embodiment 1 in the absorption wavelength 
region. Also in the photo detector of this Embodiment 2, quantum efficiency is 
acquired for 60% or more of high selection euphotic characteristic in the range 
of not less than 20-nm wavelength like Embodiment 1. moreover -- in the photo 
detector of Embodiment 2 the quantum efficiency of a selective wavelength 
region --a ratio -- it can do with 100 or more times of the quantum efficiency 
of a selective wavelength region. External conditions, such as atmosphere, are 
not influenced by the photo detector of Embodiment 2, but this means being a 
photo detector with high . reliability with few noises. 

[0036] As mentioned above, although Embodiment 2 was described, this invention is 
not restricted to this, this invention --a euphotic zone undoped InXGal-XN 
(0< X<1) it may be considered as a single layer and a n type layer may be 
constituted as aluminumYGal-YN (0< Y<1) . By doing in this way, the photo detector 
which has the optical absorption which was excellent in the selection target in 
the predetermined range can be provided in 200 nm - 635 nm. 

[0037] As mentioned above, although the example constituted using GaN or AlGaN as 
a n type layer was shown, this invention is not restricted to this and may 
consist of Embodiments 1 and 2 from a euphotic zone, for example, using InGaN 
with little content of In as a n type layer, using InGaN as a euphotic zone. If 
constituted in this way, the minimum by the side of the short wavelength of an 
absorption wavelength region can be set as not less than 365 nm. 

[0038] Therefore, i type gallium nitride system compound semiconductor layer which 
are a n type layer and a euphotic zone in this invention, By choosing from 
various gallium nitride system compound semiconductors so that the bandgap energy 
of a euphotic zone may become smaller than the bandgap energy of a n type layer 
and a p type layer at least, In 2 00 nm - 63 5 nm, the continuous center wavelength 
and wavelength- range width of an absorption wavelength region which have the 
outstanding optical absorption can be set up arbitrarily. 

[0039] The euphotic array 300 can be constituted by making two or more gallium 
nitride system compound semiconductor photo detectors concerning this invention 
arrange, as shown in drawing 3 and drawing 4. The euphotic array constituted in 
this way can be used for various applied machines as a two-dimensional photo 
detector (image sensor) . 

[0040] In this invention, a gallium nitride system compound semiconductor photo 
detector with more sufficient quantum efficiency can be obtained after creating a 
gallium nitride system compound semiconductor photo detector by forming a Si02 
film etc. in a field opposite to the electrode formation face of the electrode of 
substrates, such as sapphire, as an antiref lection film. 
[0041] 

[Working example] [Working example 1] The buffer layer which comes from GaN at 
about 500-600 ** with MOVPE method on silicon on sapphire is grown up by 200-A 
thickness, Next, on a buffer layer, a undoped n type GaN layer is grown up by 
1 . 5-micrometer thickness at 1000 **, and the n type GaN layer of a Si dope is 
grown up by 2 . 5-micrometer thickness at the same temperature on a still more 
nearly undoped GaN layer. Next, on the n type GaN layer of a Si dope, it is 
undoped at 800 ** and an i type InO . 2GaO . 8N layer is grown up by 2500-A 
thickness. Next, on an i type InO . 2GaO . 8N layer, the p type AlGaN layer of a Mg 
dope is grown up by 200-A thickness at 1000 **, and the p type GaN layer of a Mg 
dope is grown up by 15 0 0 -A thickness at the still more nearly same temperature on 
a p type AlGaN layer. The substrate which laminated the gallium nitride system 
compound semiconductor after growth at 70 0 ** After annealing (p type -i zed 
annealing) , A part of surface of a p type GaN layer is etched to the n type GaN 
layer of a Si dope, a n type GaN layer is exposed, n lateral electrode which 
comes p lateral electrode which comes from the alloy of nickel -Au on a p type GaN 
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layer from the alloy of Ti- aluminum on a n type GaN layer is formed, and chip 
making of this is carried out as an element of 1 mm square. 

[0042] Between the two electrodes of the photo detector produced by making it 
above was connected to the direct -current meter, and the relative sensitivity of 
the photo detector was measured like Embodiment 1 by monochrome- i zing the white 
light of a xenon lamp and irradiating with it by a monochromator , at right angles 
to a substrate, from the silicon-on-sapphire side. This photo detector showed the 
euphotic peak by 360 nm - 42 0 nm, drawing 2 is a glove in which the relation 
between irradiation wave length and relative spectral sensitivity is shown, and 
that quantum efficiency was [ the euphotic peak strong in / wavelength / 370 nm - 
390 nm was shown especially and ] 60% or more. Furthermore, the sensitivity in 
wavelength other than a euphotic peak does not almost have this photo detector at 
360 nm - 420 nm, It is 1/100 or less [ of the quantum efficiency in 370 nm - 390 
nm which showed the quantum efficiency of 6 0% or more 3 , and the reliable gallium 
nitride system compound semiconductor photo detector was able to be obtained by 
the high sensitivity which hardly detects a noise. 

[0043] [Working example 2] The buffer layer which comes from AlGaN at about 
500-600 ** with MOVPE method on silicon on sapphire is grown up by 200-A 
thickness, and then the n type AlGaN layer of a Si dope is grown up by 

2 - micrometer thickness at 1000 ** on a buffer layer. Next, on the n type AlGaN 
layer of a Si dope, undoped i type GaN layer is grown up by 25 00 -A thickness at 
the same temperature. Next, on an undoping i type GaN layer, the p type AlGaN 
layer of a Mg dope is grown up by 1500-A thickness at 1000 **. The substrate 
which laminated the gallium nitride system compound semiconductor after growth at 
7 00 ** After annealing (p type-ized annealing) , Etch a part of surface of a p 
type AlGaN layer to the n type AlGaN layer of a Si dope, and a n type GaN layer 
is exposed, n lateral electrode which comes p lateral electrode which consists of 
an alloy of nickel -Au from the alloy of Ti -aluminum on a n type GaN layer is 
formed on a p type AlGaN layer, and chip making of this is carried out as an 
element of 1 mm square . 

[0044] This photo detector showed the euphotic peak by 310 nm - 360 nm, in [ 
wavelength ] 32 0 nm - 34 0 nm showed the strong euphotic peak especially, and that 
quantum efficiency was 60% or more. Furthermore, the sensitivity in wavelength 
other than a euphotic peak does not almost have this photo detector at 310 nm - 
360 nm, It is 1/100 or less [ of the quantum efficiency in 320 nm - 340 nm which 
showed the quantum efficiency of 6 0% or more ] , and the reliable gallium nitride 
system compound semiconductor photo detector was able to be obtained by the high 
sensitivity which hardly detects a noise, 

[0045] [Working example 3] By a publicly known method, GaN is grown epitaxially by 

3 - micrometer thickness on silicon on sapphire. Next, the n type GaN layer of a Si 
dope is grown up by 2 -micrometer thickness on the epitaxially grown GaN layer, 
Next, undoped i type InGaN layer is grown up by 2500-A thickness on a n type GaN 
layer. Next, on i type InGaN layer, the p type AlGaN layer of a Mg dope grows up 
the p type GaN layer of 200 A and a Mg dope by 1500-A thickness. 

[0046] The substrate which laminated the gallium nitride system compound 
semiconductor after growth at 700 ** After annealing (p type-ized annealing) , 
Etch a part of surface of a p type GaN layer to the n type GaN layer of a Si 
dope, and a n type GaN layer is exposed, When n lateral electrode which comes p 
lateral electrode which consists of an alloy of nickel-Au from the alloy of 
Ti- aluminum on a n type GaN layer was formed on the p type GaN layer and chip 
making of this was carried out as an element of 1 mm square, the photo detector 
which has the same characteristic as working example 1 was able to be obtained. 

[0047] [Working example 4] The buffer layer which comes from AlGaN at about 
500-600 ** with MOVPE method on silicon on sapphire is grown up by 2 00-A 
thickness, and then the n type AlGaN layer of a Si dope is grown up by 
2-micrometer thickness at 1000 ** on a buffer layer. Next, on the n type AlGaN 
layer of a Si dope, undoped i type InGaN layer is grown up by 2500-A thickness at 
the same temperature. Next, on an undoping i type InGaN layer, the p type AlGaN 
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layer of a Mg dope is grown up by 200-A thickness at 1000 **, and the p type GaN 
layer of a Mg dope is grown up by 15 0 0 -A thickness at the still more nearly same 
temperature on a p type AlGaN layer. The substrate which laminated the gallium 
nitride system compound semiconductor after growth at 700 ** After annealing (p 
type-ized annealing) , Etch a part of surface of a p type AlGaN layer to the n 
type AlGaN layer of a Si dope, and a n type GaN layer is exposed, n lateral 
electrode which comes p lateral electrode which consists of an alloy of nickel-Au 
from the alloy of Ti- aluminum on a n type GaN layer is formed on a p type AlGaN 
layer, and chip making of this is carried out as an element of 1 mm square. 

[0048] This photo detector showed the euphotic peak by 310 nm - 420 nm, in [ 
wavelength ] 32 0 nm - 3 90 nm showed the strong euphotic peak especially, and that 
quantum efficiency was 60% or more. Furthermore, the sensitivity in wavelength 
other than a euphotic peak does not almost have this photo detector at 310 nm - 
42 0 nm, It is 1/100 or less [ of the quantum efficiency in 32 0 nm - 390 nm which 
showed the quantum efficiency of 60% or more ] , and the reliable gallium nitride 
system compound semiconductor photo detector was able to be obtained by the high 
sensitivity which hardly detects a noise. 

[0049] [Working example 5] A gallium nitride system compound semiconductor is 
laminated to a p type layer on silicon on sapphire, Produce like working example 
1 until it carries out a p type-ized annealing, and then, etch a part of surface 
of a p type GaN layer into dot form to the n type GaN layer of a Si dope like 
drawing 3, and a n type GaN layer is exposed, n lateral electrode which forms p 
lateral electrode which consists of an alloy of nickel-Au on a p type GaN layer, 
and consists of an alloy of Ti-Au, The p type GaN layer which remained is formed 
in the circumference so that 100x100 pieces may be surrounded, Furthermore, the 
substrate was cut by the outer peripheral part of n lateral electrode, and when 
the euphotic array which consists of a gallium nitride system compound 
semiconductor of 8 mm squares was produced, the euphotic array of the facedown 
which has the same characteristic as working example 1 was made, and it was able 
to install in various measuring equipment. 

[0050] 

[Effect of the Invention] By producing the gallium nitride system compound 
semiconductor photo detector of the above element structures, the photo detector 
with the high reliability of high sensitivity limited to the specific wavelength 
zone by the side of short wavelength, such as ultraviolet radiation, and the 
euphotic array were able to be realized. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l]The type section figure showing the structure of the photo detector of 
one working example of this invention. 

[Drawing 2] The figure showing the relation of the wavelength and quantum 
efficiency with which the photo detector of one working example of this invention 
is irradiated. 

[Drawing 3] The type section figure showing the structure of a euphotic array 
where the photo detector of one working example of this invention was arranged. 

[Drawing 4] The figure which looked at the euphotic array by which the photo 
detector of one working example of this invention was arranged from the electrode 
side . 

[Explanations of letters or numerals] 

10 0 -- Gallium nitride system compound semiconductor photo detector, 
101, 301 Substrate, 
102 -- Buffer layer 
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103 -- The 1st n type layer, 
104, 3 05 -~ The 2nd n type layer, 

105 -- Euphotic zone, 

106 -- The 1st p type layer, 

107, 3 06 The 2nd p type layer, 

108, 303 p lateral electrode, 

109, 3 04 n lateral electrode, 

300 Euphotic array which consists of a gallium nitride system compound 
semiconductor , 

3 02 ~- Gallium nitride system compound semiconductor. 
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JicOJtifMtfc&fffc'C&S. 

[0022] *fc s #H*ts<D}®g 1 fcfc V>T , M2 CO n 

Jt-S^JSSfcHSfcftfc, H2c7)nS]lcOS i F— 
7°J:{41X 1 0"Am s -l X 1 0 18 /cm 3 c7)KHfc 

Jf fc K-r-tS nM^Mlli: LT (4, S i COffSt G e , 
Sn s Sb^ffl^Sifct-C^S, ^fc^l^nSl 
t»2»najgi:*»<i,*SnaJiraeiRfft LXH2 ju 
mJJLhl 0 xtmOT , #4L<l42jumEU:6AtmJSl 

2//mJJLht-fScO{4nM^cOA>Fdf>>y7°X^ 

1 < t & £ k tfX'% I 

mOTt-tl.^«4 1 0 ju mfeU:fCl-£ hg^S^fcf 9 
*>mL^-r< ; 5rl.^fet'*>0, iWc4 0s fiteW"* 

[0023] *»ffl|CtJV^T, S3OTt L.Ti4^c7)W{|lJ 

>-F-7-(7)I n x Gai. x N*»^0 I ncO?I^J:tXi40 
<X<ltU GaN*>^|>nM14 0i>A>Kdf> 

v7X*JV*-<n']>%\^ffl$to i mfak?& . Z.C09X, 
1(4 i SBflanj LTV^i 
*^T'(44i(*t^**F-7tTV^V^S$r i 

S)Jtftt, 1 500^>^'Xha-A~l 0000^" 
-A- 6 0 0 0 Jj" y J?"X h U- A , Jgtjfftt<{42 0 

oo^y/xho-A~3 5 0 0^-y/7,bn-A, * 
hft 1 1 < «4 2 5 0 0 ^-y 7x h n-ASS t -t %> . 

«4 13 A'y K^f> >y rx^;K-<07c^ o P mmttfV 

v&mtitmy-mxhtuf x < , wtar, P s^*» 

SrK-7't/cA l z Gaj. z N (0SZ<1 ) 
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•raw* i/t t j ^ u 2 ia±oaflyy u ^ 

^NWMiTfliaLTfcJiV^ pMl£2IiUi<y)l 

b'-7»AlGaNM5$C §fet®10pi!«t 

if) ifcfcJ^l-caWSLTWS. i^pffll (HI 
c0pSlSt>*H2c0pSJS) th'-TtSMgH-r* 
t4lx 1 0 16 /cm»-lXl 0 18 /cm 3 <Of5Hfcf£J£ 
fSifc*»*F*U\ P«S&»^fi»20p 
M1J4, liga6HI=*JV^Sfe(c5X10»/cm»Ja 
±k-n>ikT\ p«*8k.fc l JJlff$:*-5'y:?Wtt 
£ #S £ t fi . * fc p k LT i 4 5 0 

^-y/xho-AtUiljumJilT. Sfe(-Sf*L<{il 
o o^y^x ho-AjjLt5 o o o^-y^ hn-AJil 

fcwt , S3K)itSff Slfc LTA 1 SftlfaSflWp 
Mflct O^^T^K-rcOA 1 GaNftl 0 O^y?" 

t 3 t> m&cox^ytmTmtiti, 

[0025] ^B^wc, «*k LTtiWtaHffia* 

nfflUffil 0 9fct4Ti -Al s pfMtffil0 8 
fc«N i -AuO^AftMv^4ifc*«ff4L<, £*U~ 

fcLTn&tfpmffi^JftLTWg,. -?7 7 

-<TS«1 0 l±fc, A «y 7rll 02, »10nMl 
10 3, m2COnMll 04. gftll 0 5, fillip 

ma i o 6aix^2opai 1 o 7?r)i^mi tfc&, 

X-yf-y^'fc «k DS52cDn§)l 1 0 4?)-g|5£RtB£-£ 
"C nltm 0 9 *#jSt*fcfcfc«W£WfiW-4 . * L 
T, n«ff 1 0 9£gftHS-£JtS&2tf)nI!ll 04±t 

JMtU Pl;Sl 0 8Srm2OpSll 0 7±fcffM~t 
[0026] JilbD4 3 (sWASil^llit^ni 1 «s 
SrWl-tS.IkfciO, H2£^t%i3ft7/^ WW' 

nt>ti&. t^bib, ^mmmmi^m^xn, 

-*#f*3Bi, ni!lfctJV^'ClRIRSfLS3Kl"C{4i» 
JRSix&vv i<Oni!l-c©iRStiSJS*fflW02t 



C0A> h'df -v -y 7*X*/l/df- J; 0 /Jn§ V VX*;Wdf-£:£ 

0 5CittUfcfct>36>!6»*)fc > f5eeil 0 5-C 

©JR$tt*v^^««^BI2^ttl.^iS«XiS*« 

2tfflS1"6. ^flti 1 ?, nM14>)A>FdfVy7° 
x^;l^df_^VJs$ < l o 5 (OA'y Kdf> 7 /x* 

;kdf- ± 0**vu:*^af-t*^t*WBI6)i l o 5 
TWKWfclWKSfi* ( 02 Kfefti iHR*ft«tffl 

x3 ) 0 

[oo27] 4 o , ^mmcomm 1 ^mtjji 

i k * . i 

SfffclSV^Ttt, W^K. 02fc^tJ;pt, 3 6 5 n 
mJJLh-C&o-C*^ 0 0 nm&TcomS^ytimmi 

«J:"3, 2 0nmfiLhC0»*j«te*}V^T, 6 0A-- feyb 

mt-th (aBUtioo (6o%/o. 6%)#?jy 

±) C0S*S^ 1 0 O^W^n^.. ifLt i. r>m%.<D® 

7-fTM»^^«tSittl 5 0mW«df-fe/y5 

[0 0 2 8] 4fc. *^BfcffiSSQfceWBJBlT{i, ± 
^WRIEHWLTV^j^, g3fclkL-CI nGaNft 

x vmmmmMm&>±titeiM&iti tut 

nx«ft«w*«mBiifioJiPfi*ttmfcm5E ({ml, 635 
n m jar ) 1 6 i k t . 4 , mmcomm 1 t 

{4, nlikUGaN^IV^V^W, CTOfcgtg 
«0»*(I^TPS{4, G a NcoAy Kdf> .y rx^df 
-t*tliE'tl»3KO}S^T-*.& 365nmk^l>. £Lh<0 
£ k *^HJS^ffi 1 OS^S^Tii , 3 6 5 n m~ 6 
3 5 nmO«HtfUR»^«fta£t*^ k *<T'§ § . 
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[ o o 2 9 ] t tz , mmmm i xn. g i <o ngjia 

m2C0nS!«SrffL-?'tlA 1 GaNfci OtKLT t J; 
VV, icoidfc, miOnM«S.V'm2c?)nSlSr-?-tl 

$ h cox-, w&Ltmm&smerm zm.z-*t& z 

[0030] (HStcO»«2 ) *9^£ffi*£ffe0JgJn 
2<Dg3E* : F-fct 200nm~36 5nmiO|gHt(RJR 
**« £R5&*-* i t -J T s -9-7 

r-fTMKitAlGaNiO^I.A'.y^TJifcSi H 
-rAlGaNHWnlft, 7V K— 7°GaNfr> 
&$r£SBfclfc, MgF-TAlGaN^&SpSJI 

[0031] ^%mcommmm2i,zt3^x, nmm* 

S i F-7'OA 1 GaNKW 1 TIMS *U 

fcli, JMff**- 5 ?«*fcf#&fc«>fc 1X10"/ 
cm'-lxlC'/c m 3 0«Htna^KWH-T 
Ztil Z k iffit t < , i 0 » * L < tt frlBKHtfev > 

X5XlO"/cm»J3±b-tl. nSWftt 
LTti, *H)!ificO^«2TWJx(i'S i £ffl^&£fc#< 
X'^htK -5-<0flfifcGe N Sn s Sb^SrfflWttJ; 
K Htft^«2c0nMJSc0lJ|:(i:, l/zm& 

±3/xmHT. J?*L<«2;umigKfcf 6. iOnl 
*<0«tff & 1 AtmfiUifc^^inaiW^ F*f+ -y 
rx*/|,df-j; Vvt*/Wf-i#tft3Kt nil 

■f-SIMMMS* 1 fc*J»t**T#**ffi < f"S £ t **C 

ftScOte, HSfe<0^2T'nSJii; LTfflWSA 1 Ga 
NJili, fUfcOJBJR 1 <0G a NSfcJt^TjSffitt** J: < 

[0032] *^tt«»«2 fcfcWC, g3fll"C& S i 
^flStfU^^^ft^ttti. Al GaN^S;4 
nmMX 0 a> - y 7°x^;V-^_to/jN§v^GaN^ 

-t&fcfcte, *fi L<i±i 500^-y^xbn-A-i 
00 0 0^y/xhn-A, J:0#*K<41 5 0 0* 
ynbn-A~6 0 0 Osj-y^xhn-^, 
t<{42 0 0 0Jj-y^'XhO-A-3 5 0 0*>7xv 



[0033] *^HS»Mfe«^ 2 fciSV v£ s pSJfli 
pS^aijSrF-TLfcA l z Ga,„ z N (0=£Z<1 ) 

- 5 y 7ff ttSrftS £ t & i 3 fcff 4 I < Ut 1 x 
10 16 /cm3~lxl0 18 /cm 3 c7)«Hi:L-s £^>fc 

<«Wfc LTtt 5 O^y-fX V o-AJELh 1 ^ mjjl 
T, Sfefc#4L<ttlOO*y^hn-A£Ui5 0 
OO^-y^hn-AOTt-tS. tfe*^BJt1±, g 

3Wt«l-s*t lt ry K-roA 1 g a n 1 o o 

(OA 1 GaNif«i:^fif{i7yH-7TS)S3& s , ^co± 

co-c^mwtMg^^/i'nt^^. zcoryv-rco 

A 1 GaN«^^§«C:tfcJ;0§^t!»ttcOj;V-> 

ioo3 4]^mcommmm2i l zti^x, mm, * 

[0035] RJicoJ: -5 i,zffii&Ztit:9mcowm2ciyg 

3ttSmi, 20 0nm~3 6 5nm<0«HfcfiV^ , ClRJR 

comm2co^m^zti^xh, mmmmm%?%) 
mzmm.mM®coM.=Fmmcr> 1 o o{m±tx^ 

3fe*^ Tfo IZk Zfflfcth . 
[0036] JSLh, mmcOWM2 liZ-o^xmWLfctf. 

^mmzhizmt>ti&i>coxis%:\\ *%,wx°\i, m 
gytmryv-yoi n x Gai. x N (o<x< 

1)#— <7)tgbV. n^JBSrA ljGaj-jN (0<Y< 

1) fcLT«j£LTi>iK icoi^ttiifcti: 

0 > 2 0 0 nm-6 3 5 nmfcfcWC Bf^^fflfS! 

x-%h, 

[0037] m:. mmmmi, 2xn, nmski 

TGaNXfiA 1 Ga NZm^Xm&LfMZ^ltz 

t>K *mmztiizmt>ti&i>co?m<, mm. « 

3WtUlnGaNjfflV\ nMMk IX%%M£ 0 

1 n O^McO^V ^ I n G a N V ^Tffi )S IX h i 
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K £ co X o fcfftfcfS fc s ®JR«iSoM*miiJOT 
Mi 3 6 5 n m & -ttKJ&rs <I t & • 
[ 0 0 3 8 ] %->X, ^m^Z^X, ngfl&l/gft 

ttiOs 200nm— 635nmtefeV^Ts flftLfcae 
[ 0 0 3 9 ] S fefc, *aWBfcflSSfiMk^U^A3MK-& 

ga?i!£^& ^ t fci osetr w 300 c t 

[0 0 4 0] *fc#JWfctJVvC, g<t#y*ASWfc& 

mcommmmt temcomitzmffiikmt ixsio 

[004 1] 

C»feMl ] ^77^7«±fcM0VPE 
0^5 0 0-6 0 OTOaNi *)%&rtv7T 

mi 2 o o^y^xhti-^commTmm^:, mz^ 

77rI^iC, 10 0 O'CTTyF^TOnSGaN 

GaNjfcO±(^ ^COittSTSi H-TcOnMGaN 
JI&2. 5//m(7)Jli¥TjS*$^. mzS i F-7V) 
nMGaNJfcaiifc, 8 0 0 *CX*Ty H ^7°T" ifln 
o , j G a o . 8 N JB & 2 5 0 0 * h n - A COBWTJS 
S5«o»:fciIIn 0(2 Ga 0(8 NI<7)±(:, 100 
0 *CT'M g K — r CO piAlGaNi^2 0 0*y/X 

bn-A<olRirc«*5*s ?^CpIA l GaNlo 

I^StcOSftTMg F-7"<DpSGaNJl£ 1 5 0 

o^y^xbn~AcoP¥T^$« 0 j*m gfl: 

^U^A^fc^ife^Wft*StJBLfca6R* 7 0 O'CTT 

O-gflSrS i F-TYOnffiGaNJM^Xyf-y^l/C 
nSGaNlfcjJtffiSisL pfflGaNjf <D±fcN i -A 

[0042] £J±C0£ a t LT»fe*lfcg3K*T^W« 

fc*E fc^f -fe y y 7 y 7°o a wt £ ^ y ? u y - * - x* 

^itixmmti^tizx mmcommi tmrnzv 
x, ^m^commmmi&irz. m2nmm^t 

tt3 6 0 rim— 4 2 0 n mT'S3tet°-? fcjftU «rfc3 



7 0 nm-3 9 0 nm<9^KKBTIi3$V^3Kl^-? £ 

*U ^coM.^m±6 0^^yh!il±Xh^fz. £ 

fe^c?)g3£f!tiSi3 6 Onm-4 2 0 nmT§3tb°- 
^W^*T'^7)^S^i(5i:^i:^<. 6 0A'~feyb 
J2Lt<9*^*£^Lfc 370nm-390n mM 

TSW^i/ioowTcfto. y-f x^{afc/c^ai 
w*S3fc»^ **** ^ t **aj*fc . 

[0043] [»fi«23 ^7r-fT*^±tM0VP 
EStiO»5 0 0-6 0 0WAl GaNiU^fi^ 
7 7 r 1 * 2 0 0 * y ^X h n - A coJiff T tf N 
mz^-/yrMco±i,z s l o 0 O'CTS i K-7V)n§2 
A 1 GaNJlS:2/imC0BW[ , e«*8-frSo JfcfcS i F 
-TCOnMAlGaNjfCOji^. |r!8I<7)SST\ T s yY 
-7°C0 iMGaN)gSr2500^ y/X h n-i^ffjj 
T«*§"fr^ 0 ^TyK-7°iSGaNlcO±t, 1 
0 0 OWMgF-r^)plA 1 GaN/fS: 1 5 0 0^" 

\)y? (plftr-^) ft N pIA 1 GaN«co^B 
CO— gP$rS i H-7°COnSA 1 GaNI^tXyfy/ 
LTnSG.aNJB^RtBS-B:. plAlGaNS^it 
Ni-Au^^iO^^PijmffiS:, nIGaNIcO 
±fcTi-Al«o^J:9ftSniWMS^BgLs 

[0044] <Ic7)g**TO3 1 0nm-3 60nmT" 
&*ts #^3 2 0 n 3 4 0 nm<0»| 

-tyWJUit^fc, $^fc£<J0g3e*T-{43 1 On 
m-3 6 0 nmT^e-^£i^C0ife*W«*{i{3fc 
Afc"^<, 6 feyh£LhCO* : fS&*^t7t3 2 
0nm-340nmWIfl!)$(7)l/l 0 0 PXYX$) 

v mtH U ^ A^b^W«*S3K» £ fc ^T" 

[0 04 5] [SU*M3] t7r>(7«RJ:(:^* 
ffifcioT, GaN^3AmcOJiJfT*Xb D ^^i/^;l/j$ 
<fc{Cxe^^f^/HR*LfcGaNfl|cO±t 
S i F-7 o C0nSGaNH^2/ J tm^Kff^ft$-ti: 
5, ^nSGaN^O±^TyF-7°cOiMI nGa 
Nl?r2 5 0 0t>?ZhU-2±com&X$ i M$-t&<, 
^:iSlnGaN10iC s MgF-7°OpSAlG 
a NJ15r 2 0 O^y^X bU-A fc M g F-TcOpUG 
aNJ15rl SOO^y^Xhn-AcoKWT^S-fr 

[0046] smfv v ^mt^m^mwm 

MLtzm&i 7 0 O^CTT^-U y? ( pMitT^- 

)V) ft, pSGaNJfCOflffltf)— SteS i F-7°OnS 

GaNltrx>yf-y^LTnSGaN«SrJiaj§^s 
pMGaN«cO±fcN i -Au^i O^SpflKffi 
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nSGaNJBcOifcTi-AlcO^ctO^Sn 

[0 047] [SSJfttfH] ^7W 7£«±fcM0VP 
EffifcJ; 9 ft 5 0 0-6 0 O'CT'A lGaNi 

v 7 r 2 0 o ^-y^x h n-A<7))ijf # s 

^> # 77r«^ifc s 1 o ooxres i F-7V)nS 
Al GaNif^2 < umc7)JlifT«*§€| ) o *feS i P 

-TVHSI nGaNJBSr2 5 0 0*y^bP-^ 

*fc7yH-7 , iSl nGaNJfO 
±fc. 1 00 0°CrMgK-7°c7)pSAlGaN^?:2 

lGaNl^)it, RI^fiJK^MgF-rcOpMGa 

Nfl £ l 5 0 O^y/xbp^Acolifm*^^^. 

7 0 0 0 CTT~- U ( p m\\LT^-)V) p MA 
1 G a NJi£>^ffi<7M8B£ S i F-7V) nIA 1 G a N 

JfS^Xyf-y^UTnSGaNfl^jRffiS^ pIA 
1 GaNJIC0±fcNi -AuCO^J: 0*Spffll«S 
nSGaNJ|O±fcTi-AlO^AJ:0**n|| 

[0 04 8] ^<0^m^i3 10nm-4 2 0nmt 
^t°-?£^U ffiZ3 2 0 nm-3 9 0 nm*| 

— tyhPlkTfo^tz, ^^iZZ^^m^l±3 1 0 n 
m-4 2 0 nmTg3et°-^^h^*WSS«ah 

0nm-390n mTOl^WcO 1/10 0 JJCfC* 



[0 04 9] [H»I5] t>"7r-f7fflK±fcpaJgi* 



GaNliT'F'y J-^fcX-yf y^'LT nMGaNJi£ 

EEK£€, pMGaNlcoifcNi-Aucoilr&J:'^ 

SpltSJflL, Ti-Au<O^A±0**nHll 
H£, BofcpffiGaNl&lOOxlOOflfcHtfJ: 

»K7 W *fHR Ufc fc i % , gftffl 1 fc R«03«rtt* 

[0050] 

[0ffico««J!] 

[01 ] *^0Jcr)-^iS^g^S^cr)«ji^^«^ 

[H3 ] *w%c^mmm<r>%m;^mmiititz^t 
im4 ] *mco-mmi<7)%ytm?tfmmztitz%%, 

i o o-M-f^'y>A^b^w^fr^«T. 

10 1,3 0 1 

1 0 2-^'77rI, 

1 0 3-"ggl<OnS)i, 

1 04, 3 0 5-SI2c9nSl, 

1 0 

10 6-»lOpffil, 
10 7, 3 0 6-^2c9p* j i 
1 08, 3 03---P 
1 0 9, 3 04--n 

3 o 2-miktfv ?A*fbg*¥#K. 



[03] 



303 



300 



304 ^V>^_ 



302 
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